Abstract-The word over, among others, is associated with a great variety of syntactic categories and meanings. Although over has received attention from scholars in different frameworks for various aspects, there is little research, to my knowledge, to take a comprehensive approach to both syntax and semantics of the word over. This article proposes algorithms for identifying from the context a case of over with one of four syntactic categories and with one of seventeen meanings. The test was carried out manually on five hundred instances of over from British National Corpus. The results are promising, with 95 percent of the classification of the instances being correct. This study, while taking an idealistic approach, brings to light methods that may stretch the limits of natural language processing.
INTRODUCTION
In the past the word over has been studied in the literature of prepositions, and various aspects of prepositions have been examined: to name a few, the syntax in general ( [11] , [13] ), the semantic network within a cognitive linguistic framework ( [4] , [15] ), the pragmatic aspects ( [5] ), the deictic properties ( [6] ), the sense disambiguation ( [1] ), the labeling of such thematic roles as Place, Path, Temporal, Direction ( [12] , [17] , [20] ), the prepositional phrase (PP) attachment ( [14] ), the phrasal verbs ( [9] , [10] ), and the verb-particle issues ( [3] , [16] ).
The word over, however, appears in a variety of syntactic categories other than a preposition. Among 500 uses of over automatically and randomly chosen from British National Corpus (BNC) in the current research, 43.27% of the uses of over are not used as a preposition. Little research, however, has examined the syntactic aspects of over. The current article deals with the syntactic aspects, in particular, how to label the syntactic categories of over in terms of syntactic information, and proposes algorithms for assigning the syntactic categories, enriched for the wholeness with the ability of providing the meanings of the prepositional uses of over adopted from my previous study ([1] ), which is the result of research inspired by pedagogical studies ( [8] , [18] , [19] ) and the in-depth study of the preposition over in the cognitive linguistic framework ( [14] ).
Four syntactic categories of over (noun, adjective, adverb and preposition) and six meanings are identified in the present algorithm, together with the eleven meanings of the prepositional uses, which are carried over from [1] . The identification draws on the syntactic and semantic contexts in which over occurs. Although benefited much from previous research on prepositions, the current study takes a quite different approach from other such computational works, and hence offers no comparative discussion. The second section discusses the processes of assigning the syntactic categories and the meanings of over, in the order of nominal, in-phrase idiosyncratic, adverbial, adjectival, and prepositional uses. The third section evaluates the identification algorithms while discussing what remains to be solved. Some concluding remarks are offered in the fourth section.
II. IDENTIFICATION PROCESSES
The processes begin with the identification of the syntactic categories of over other than the prepositional uses. The algorithm attempts to check for an idiosyncratic use of over among the non-prepositional uses. It has three idiosyncratic uses registered for checking: a deictic use as a noun, the use as an attributive adjective, and the use inside an idiomatic phrase. After not finding an idiosyncratic use of over, it checks for an adverbial use of over, and, if it detects no such use, it looks for the use as a predicative adjective.
When the algorithm finds the use of over to be none of a noun, adverb or an adjective, it assumes the use to be a prepositional use, and starts to determine the meaning because the prepositional use of over has eleven different meanings. Discussed below are further details of the processes for identifying the syntactic categories of over other than a preposition, and the meanings of the prepositional uses. 
A Syntactic Categories Other Than A Preposition
According to a survey conducted in the current study, a little less than half of the uses of over do not appear as a preposition, and three other syntactic categories have been observed. They are noun, adverb and adjective, and the uses as an adjective are further divided into two types: as a predicative adjective and an attributive adjective. The meanings of over in the three categories other than a preposition are 'a number larger than that', Path, Side, 1 'everywhere', 'finished' and 'more than'. Uses of over as a preposition occur in eleven meanings, depending upon the contexts. The identification moves from specific to general cases, and thus the idiosyncratic uses of over are first examined ahead of the adverbial and adjectival uses.
A.1 Idiosyncratic uses of over
The idiosyncratic uses of over are uses as a noun as well those inside idiomatic phrases.
a) Deictic uses as a noun
The algorithm for identifying the syntactic categories and the meanings (see Appendix A) begins by checking for the deictic uses of over such as over in:
(
. This use is deictic because the meaning of over depends on the meaning of the noun preceding the conjunction or. In this example, it means 'a number larger than 18'. Syntactically this use of over has specific features of (Deictic Context 1) always following a conjunction such as or and and, and (Deictic Context 2) being followed by a closed noun phrase (NP) boundary. Therefore, to be successful in detecting and interpreting this use, the parser needs to be able to recognize syntactic boundaries such as open and closed NP boundaries. In this instance, it must identify that over is located immediately before a closed NP boundary, followed by a closed verb phrase (VP) boundary and a closed sentence (S) boundary.
Relying only on information on the conjunction preceding over, the parser will wrongly interpret over in such (2c) does, yet it does not change the syntactic category of the phrase, and it would be safe to say that the over-phrase is a noun phrase. This second requirement (Attributive adjective Context 2) distinguishes the use as an attributive adjective from a prepositional use given in (2d), where over appears not at the beginning of a noun phrase, but at the beginning of a prepositional phrase, and the semantics of over differs from the semantics in (2a), (2b) and (2c).
The word over in this type modifies the following noun denoting quantity, giving rise to the meaning of excess of that quantity, and therefore it is regarded as an attributive adjective.
c) Over used inside idiomatic phrases
An idiomatic phrase that contains over is the next item to be searched for: among such are over again, all over again, over and over, over and over again, over the moon, and over the counter. The success in the detection of these in-phrase uses depends upon the inventory of such idiomatic phrases. An insufficient inventory would result in a wrong interpretation of over by the parser. The syntactic category of over inside an idiomatic phrase does not have to be specified, but rather the idiomatic expression as a whole must be assigned a syntactic category. For instance, all over again, over and over, and over the counter could be assigned the category of adverb or adverbial phrase.
The categories of some such uses would be unspecified between several categories, because they depend upon how the uses occur in the sentences. For instance, the category of adverbial phrase would be appropriate for over the counter in You get them from the hospital or your doctor, not over the counter while the category of adjective or adjectival phrase would be preferable in over the counter medicines. At any rate a syntactic category should be assigned to such an idiomatic expression as a whole, not just to over.
A phrasal verb that contains over is then checked for: among such are cloud over, wash over, sweep over, gloss over, peer over, pore over, go over, get over, take over, hand over, and sign over. Phrasal verbs are considered to be those that have metaphorical senses, as opposed to their counterparts that refer to physical events. In reality, it would not be so straightforward to determine whether over is part of a phrasal verb or not. Many phrasal verbs have the correspondents that should not be recognized as phrasal verbs. Observe the following:
(3) a. He went over the conversation with the lady again. b. I went over the hills to bring her back. Go over in (3a) (followed by a noun phrase referring to an abstract concept) is a phrasal verb, whereas go over in (3b) (followed by a noun phrase representing a concrete entity) is the non-phrasal case, with the verb denoting directional movement and the preposition over indicating Path. To identify a phrasal verb from the non-phrasal counterpart, it would require semantic information of the noun phrase that follows over. The success in distinction between phrasal and non-phrasal uses rests on the inventory of phrasal verbs as well as provided semantic information that characterizes phrasal verbs. To equip the inventory with sufficient semantic information would not be simple in some instances. For example, in He went over his notes again before the test, it is not easy to determine whether the phrase his notes refers to an abstract entity (i.e. information) or a physical object. More research in this area is called for. The category of verb should be assigned to a phrasal verb as a whole.
A.2 Adverbs
After not finding the idiosyncratic uses of over mentioned in the subsection A.1, the algorithm for identification now checks whether over is followed by an open noun phrase (NP) boundary (Preposition Context 1), because if it is, it is probably used as a preposition, but otherwise, it is used as an adverb or an adjective. , it is a preposition followed by an NP, the door in this instance.
When over is not followed by an NP boundary (Nonpreposition Context), the algorithm further checks whether over is located in the construction of the Subject of the sentence, followed by a BE verb, followed by over or all over. If not (Adverb Context 1), the category of adverb is assigned. Examples are: Over in (4d) and (4e) are also followed by other than an open NP boundary: an open CP boundary and a closed VP boundary, both indicating that the objects are moved so that they are not straight, or flat any longer. The semantics of over in (4d) and (4e) is common to a group of verbs similar in meaning to bend and fold.
As in (4f), when over is preceded by all and followed by a closed verb phrase (VP) boundary, it, together with all, denotes 'everywhere'. However, it should be noted that in such a case the verb should not indicate directional movement. If it does, as in (4g), over denotes Path. Over in (4g) is not followed by a closed VP boundary, but by an open PP boundary, and it is used as an adverb.
Unlike the prepositional use of over, these instances as an adverb are not followed by an open noun phrase boundary, and at the same time not located in the construction of the Subject + BE + [all] over, and hence they are identified to be adverbs, semantically indicating Path, Side or 'everywhere', depending upon the contexts.
A.3 Predicative adjectives
The syntactic category of over is adjective, meaning 'finished', when not followed by an open NP boundary (Non-preposition Context), which is the same requirement as for an adverbial use above, but located in the construction with a BE-verb as the predicate (BE-verb Context), and without all between the BE verb and over (Without-all Context). Examples are given below: To make the distinction, however, between 'everywhere' and 'completely finished' is not so straightforward when the Subject is the pronoun it, this or that, as in: (8) a. In a few minutes it was all over.
b. All you have to do is open your eyes
and it is all over. In (8a) it could refer to cat fur, and all over means 'everywhere'. Or it could mean ordeal, and all over means 'completely finished'. For a proper interpretation, the referent of the pronoun must be correctly identified. The use of all over often has the pronoun it as the Subject of the sentence. In most cases, however, in a singular pronoun like it, this or that, the meaning is 'completely finished'. Therefore, with the singular pronoun Subject in this construction, the default meaning could be set to 'completely finished', whereas with the plural pronoun, it could be set to 'everywhere'.
A.5 A summary of non-prepositional uses
We have seen uses of over as a noun, an adverb and an adjective. These uses altogether occupy a little less than half of all the uses of over. The meanings indicated by these uses and the contexts for identifying the syntactic categories and meanings are summarized in Table 1 . 
B. Prepositional Uses of Over
We have seen uses of over as a noun, an adverb, part of an idiomatic expression, part of a phrasal verb, a predicative adjective, and an attributive adjective. When over is none of these uses, it is a preposition. Once it is recognized as a preposition, the next task is to interpret the meaning, because the prepositional uses have several meanings.
B.1 Governor and Complement
To determine each meaning of the prepositional uses, two components need to be syntactically identified, the Governor and the Complement of the prepositional phrase, because the two are the elements that help identify the meanings of the prepositional uses. The Governor is a component that governs or calls for the prepositional phrase, and the Complement is a noun phrase that complements the preposition to construct together a prepositional phrase.
In Figure 1 below, in the verb phrase (VP) fly over the sea, the verb fly is the Governor of the prepositional phrase (PP) over the sea, and the noun phrase (NP) the sea is the Complement of the PP. In the noun phrase disputes over authorship, the noun disputes is the Governor of the PP over authorship, and the bare NP authorship is the Complement of the PP. There are three types of Governor, although the Complement is always the noun phrase following over. What is the Governor depends upon the three grammatical functions played by the prepositional phrase: as an adverbial phrase that modifies a verb, a verb phrase (VP) or a sentence, as a nominal modifier that modifies a noun or a noun phrase, and as the predicate in the BEverb construction. When the prepositional phrase (PP) is a nominal modifier, the PP is within a noun phrase as in: (9) [ NP disputes [ PP over authorship]] The PP over authorship is inside the NP disputes over authorship. The Governor in such a case is (Case 1) the preceding noun, disputes, modified by the prepositional phrase over authorship. Therefore, once the use is recognized as a prepositional use, the first question to be asked by the algorithm is whether the over-headed PP is inside a noun phrase (NP) or not, and if it is, it assigns the preceding noun as the Governor, and the noun phrase following as the Complement.
If the prepositional use is not used as a nominal modifier, the algorithm next checks whether the Governor is the Subject of the sentence. To illustrate such a case, an example is given below: (10) Figure 2 . Thus the second question to be asked after the identification of a prepositional use is whether the sentence is in the construction of Subject + BE verb + over-PP. If it is, (Case 2) the Subject is recognized as the Governor, as illustrated in Figure 2 .
Finally, when the prepositional phrase is not inside a noun phrase (and thus not a nominal modifier) nor part of the predicate of the sentence in the BE-verb + over-PP construction, it is then an adverbial PP that modifies a verbal element. In the adverbial instance, (Case 3) the preceding verbal element is identified to be the Governor, and the noun phrase following over as the Figure 1 , the Governor is fly, and the Complement is the sea.
B.2 Identifying the meanings of the prepositional uses
Once the Governor and the Complement of the prepositional phrase are identified, the algorithm starts to determine the meaning of the prepositional use of over, first in terms of the semantics of the Governor and then in terms of the semantics of the Complement. The order of the checking process is from specifics to generics in this case, too. The semantics of the Governors and Complements that helps interpret the meanings of the preposition over is derived from Figures 1 and 2 in [1] . See Appendix B for the algorithm for interpreting the meanings of the prepositional uses of over.
The following tables are modified versions of the tables listed in [1] . All precedes an NP meaning place or physical object.
The example sentences used in the original tables are replaced here. The second row of Table 2 shows that the meaning of the prepositional use of over is over_locus in the context in which the Governor of the prepositional phrase denotes a physical object or an event of the class stay/hit_event.
III. EVALUATION AND DISCUSSION
Five hundred instances containing over were selected automatically from British National Corpus (BNC) to test manually the ability of the algorithms. Ten instances are removed because they are incomplete sentences. The algorithm recognizes cases of over in (11a) and (11b) as adverbs:
(11) a. We have plenty of time to talk it over. b. Why don't you think it over for a while, and give me a call. It would be controversial whether these expressions should belong in phrasal verbs or not. The meaning of over in (11a) and (11b) is 'thoroughly', and over could be regarded as an adverb, so that the size of the inventory of phrasal verbs would be reduced. These examples suggest that the issue of phrasal verbs should be examined carefully together with the adverbial uses.
The algorithm identifies adverbial uses of over such as (4a) through (4e) successfully, but the semantic study in this area is in need, because the semantics of the adverbial uses varies according to the verbs they modify.
The algorithm fails to interpret the correct meaning of the following: (12) (12) should be treated as an exceptional case or a preposition indicating excess. To identify this type of over, the following should be specified: the over-phrase should be a postnominal modifier located inside an NP, and the following noun phrase should denote quantity (a numeral in most cases). If we assume this case to be a prepositional use, another interpretation, which is to be Governor Complement identified by the Complement, should be added to those presented in Table 3 as well as Appendix B.
The current algorithm assigns the meaning of 'place' (over_locus) by default. Five instances obtain the default interpretation, which turns out to be a correct meaning. Among them are: than working over hot ovens in the kitchen… (14a) is a case in which over is used interchangeably with on. The lexical entry for spend may need information about a possible use of over in place of on. In (14b) the algorithm wrongly assigns the meaning of 'about' (over_about) because of the Governor debates, the semantics of which is checked before that of the Complement. The algorithm fails to assign the correct interpretation to over in (14c). It would be possible to interpret it correctly only when the meaning of the entire sentence is understood. The algorithm wrongly assigns the meaning of place (over_locus) to over in working over hot ovens in the kitchen in (14d). Table 4 below illustrates a breakdown of the uses of over in four hundred and ninety instances. About forty three percent of the uses of over appear in syntactic categories other than a preposition. A little over half of all the uses of over are used as a preposition, and a little more than a half of the meanings of the prepositional uses are identified by the Governors of the prepositional phrases while a little less than a half by the Complements. The default settings of the algorithms contributed to correct identification by one percent. The algorithms failed to identify about four percent of the uses of over.
For a successful implementation of the algorithms, the lexicon needs to have in the lexical entry for over a satisfactory list of idiomatic expressions containing over such as over the counter and over and over. It also needs to be furnished with a sufficient list of phrasal verbs containing over, together with information that helps distinguish from the non-phrasal counterparts. All the nouns and verbs in the lexicon must be categorized into semantic classes such as classes denoting physical object, abstract entity, quantity and directional movement. Verbs and deverbal nouns must be provided with such an aspectual feature as ±punctual (event).
The parser should be able to parse sentences properly into syntactic units so that the information on syntactic boundaries is available for determining the syntactic categories of over. It should be able to recognize if a noun phrase is definite and if it is singular. To identify the Governor, the parser needs to be able to determine if the over-prepositional phrase is a nominal modifier or not. If the PP is a nominal modifier, the preceding noun is the Governor while otherwise the predicate verb is the Governor. The task of determining is not trivial because the parser needs to understand semantic relations among the syntactic units. It is much easier to determine the Complement of the prepositional phrase, because the noun phrase that follows over is always the Complement. In view of the relative difficulty in determining the Governor, it might be more feasible to find the meaning of a prepositional use of over first by the Complement. The possibility remains to be explored. 
Syntactic categories and Interpretations of over
The algorithms draw on syntactic boundaries such as noun phrase and verb phrase boundaries as well as semantic classes of nouns and verbs. This suggests that the syntactic and semantic interpretation of multifaceted words like over requires the accurate parsing into phrases as well as the semantic classification of nouns and verbs.
This study also reveals a need for study of the contexts that distinguish between phrasal verbs and the nonphrasal counterparts. The ability of the algorithms was tested manually by using five hundred instances of over from British National Corpus (BNC). The results are encouraging, with over 95 percent of the instances being correctly identified. This study, while pointing to an ideal direction, has revealed several aspects of what remains to be solved for a syntactic and semantic treatment of such words as over that are used in multifarious syntactic categories and meanings.
